The purpose of this study was to systematically examine blastocoelic fl uid reduction prior to vitrifi cation and its potential benefi ts. In addition, we compared artifi cial collapse (AC) by laser pulse to a mechanical method. Mouse and dicarded human blastocysts were used in this study. Blastocysts were collapsed using either a 10 ms pulse with a laser (LAC) or else mechanical puncture with a microneedle (MAC). Blastocysts were vitrifi ed on cryoloops using a two-step ethylene glycol/dimethyl sulfoxide protocol. We examined the effects of AC on specifi c outcome parameters such as overall survival, reexpansion, cell proliferation, and DNA damage. Unlike others, we report overall high survival rates with expanded blastocysts even without fl uid reduction. We did detect a signifi cant increase in blastomeres showing signs of DNA damage in the control group (13%) in comparison to blastocysts AC prior to vitrifi cation (LAC 3%, MAC 5%; p < 0.001). Control blastocysts exhibited a lower rate of reexpansion. Within 3 h of warming, 73% and 81%, respectively of mechanically or laser collapsed blastocysts were fully reexpanded as compared to only 53% of control blastocysts (p < 0.001). Overall blastomere count was also signifi cantly lower in control blastocysts (CT 103+32, MAC 121 + 37, LAC 134 + 35; p < 0.0001). Early blastocysts with smaller blastocoelic volumes did not benefi t from any further reduction of fl uid volume. AC can reduce DNA damage and enhance postwarming reexpansion and cell proliferation in expanding blastocysts. The laser method also appeared to be effective and may offer some advantages over mechanical collapse.
Introduction
V itrification technology may become the method of choice for human embryo cryopreservation. 1 Vitrifi cation has been successfully used to cryopreserve both human oocytes and embryos at a variety of cell stages. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The very high cooling rates of up to −20,000°C/min used with vitrifi cation techniques help to reduce ice crystal formation and cellular damage during cryopreservation. To achieve these high cooling rates miniscule volumes of fl uid are used for the vitrifi cation process. Human blastocysts have been vitrifi ed using a variety of different cryo vessels such as electron microscopic grids, 6, 16, 19 the Cryo Top, 13 the cryoloop, [2] [3] [4] [5] [20] [21] [22] hemi-straws, 15, 23 open pulled straws, 11 and the Cryo Tip. 13 These carriers have resulted in blastocyst survival rates of 69-97%. Clinical pregnancy rates ranging from 35 to almost 60% were achieved.
The relationship between blastocyst maturity and vitrifi cation outcomes needs further study. It has been speculated that increased blastocoelic fl uid in expanding blastocysts may be associated with poorer survival due to potential ice crystal formation. 6, 10, 19 Reducing blastocoelic fl uid before vitrifi cation has therefore been proposed as an avenue to enhance outcomes during preservation of human blastocysts. Artifi cial shrinkage or collapse of blastocysts can be induced by mechanical means such as repeated pipetting through different diameter micropipets. 24 Others have reduced blastocoelic fl uid volumes by piercing the blastocyst using either a 29 gauge needle 19 or else a glass micro needle. 10, 20 Recently, directed laser pulse has been proposed as an alternative to mechanical collapse with a needle. 20 In our in vitro fertilization (IVF) laboratory, vitrifi cation is used for cryopreservation of cleavage as well as blastocyst stage embryos. With vitrifi ed eight-cell embryos, postwarming morphology correlates well to successful outcome. 17 The clinical pregnancy rate is as high as 58%
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Artifi cial collapse
Blastocysts were AC before vitrifi cation and compared with the control group that was vitrifi ed without reduction of blastocoelic fl uid. Two different methods were utilized: a mechanical technique (MAC) and the laser pulse method (LAC). The blastocysts were transferred to a drop of modifi ed HTF-Hepes medium with 10% human serum albumin overlayed with oil. The mechanical technique for AC was accomplished using an ICSI needle. Blastocysts were carefully positioned on the holding pipette so that the inner cell mass was located at either the 12 or 6 o'clock position and the thinnest area of trophectoderm was at the 3 o'clock position. An ICSI needle was positioned at the juncture of two trophectoderm cells and slowly inserted into the blastocoel (Fig. 1) . A very slight negative pressure was maintained to facilitate fl uid exodus and prevent inadvertent expulsion of fl uid or air into the embryo. Additional suction was not applied and embryos were allowed to collapse slowly without further intervention. This process was usually completed within 5 min of the AC procedure. Blastocysts were observed to be completely collapsed at the time of loading on to cryoloops.
Artifi cial collapse using laser methodology involved the use of the OCTAX 1.48 μM laser (MTG, Germany). A single very short 10 ms pulse was delivered to the outer periphery of the trophectoderm at the junction between cells. This was suffi cient to induce complete collapse within 2-4 min. Care was taken to select a point distant from the inner cell mass to avoid inadvertent damage.
Vitrifi cation protocol
Blastocyst vitrifi cation was carried out using the cryoloop protocol. 3 The cryoloop consists of a nylon loop, 0.5-0.7 mm in diameter, mounted to a metal stem and inserted into the specially designed lid of a cryovial (Hampton Research, Laguna, CA). In this technique, dimethyl sulfoxide (DMSO) and ethylene glycol (EG) are the cryoprotectant agents. Global blastocyst medium with 20% SSS was used as the basal medium for formulating all vitrifi cation-warm solutions. All steps were performed on a heated laminar fl ow hood at 37°C using a dissecting microscope to visualize each step. Blastocysts were placed in the fi rst solution containing 7.5% DMSO and 7.5% EG and gently pipetted several times. Following a 2-min incubation, the embryos were moved to the second solution containing 15% DMSO, 15% EG, 10 mg/mL Ficoll, and 0.65 M sucrose for 35 s. Using a fi ne micropipette, the blastocysts were quickly loaded on a cryoloop (Hampton Research, Laguna, CA) covered with a thin fi lm of the second cryoprotectant solution (Fig. 1A-C ). The cryoloop with embryos was immediately plunged into a vial fi lled with liquid nitrogen. The thin fi lm on the cryoloop was <1 μL in volume and careful handling was needed to prevent inadvertent warming. Each vial was placed on a separate cane and stored in liquid nitrogen at −196°C.
Warming protocol
All warming steps were performed on a heated laminar fl ow hood at 37°C. The cryoloop with blastocysts was with transfer of high quality embryos. In comparison, our program has had less consistent success with blastocyst stage vitrifi cation.
Morphology and degree of reexpansion by transfer has been subject to much variation. We observed that the earlystage blastocysts appeared to withstand the vitrifi cation procedure better than the more mature blastocysts (unpublished data). Other laboratories have had similar experiences. 10, 19, 20, [24] [25] [26] It has been suggested that the greater amounts of blastocoelic fl uid in expanding blastocysts may have a negative effect during vitrifi cation. In the clinical setting, patient-specifi c factors and mixed transfers with both early and late blastocysts make it diffi cult to interpret the relationship between blastocyst morphology and pregnancy outcomes.
The objective of this study was to: (1) investigate the effect of blastocoelic fl uid reduction before vitrifi cation and its effects on outcome parameters such as survival, reexpansion, cell proliferation, and DNA damage (2) to compare vitrifi cation outcomes for early vs. expanding late blastocysts (3) to compare artifi cial collapse (AC) by laser pulse vs. mechanical puncture.
Materials and Methods
Mouse blastocysts
Frozen mouse one-cell embryos were purchased from Conception Technologies (San Diego, CA). Embryos were thawed and cultured to the blastocyst stage in microdrops under oil. The culture medium was Global Blastocyst medium (LifeGlobal; Guilford, CT) supplemented with 10% Synthetic Serum Substitute (SSS; Irvine, CA). Blastocysts were collected 84-96 h later and grouped according to maturity. Blastocysts with blastocoels occupying less than half of the embryo volume and showing no signs of zona thinning or expansion were categorized as early blastocysts. Expanding blastocysts with thinning zonae and blastocoels that occupied greater than half of the embryo volume were identifi ed as late expanding blastocysts. This category also included hatching blastocysts. Blastocysts were photographed before AC and vitrifi cation. Blastocysts were randomly distributed amongst the treatment groups before vitrifi cation.
Human blastocysts
Initial investigation of AC was conducted on discarded human blastocysts in accordance with policies of the Cleveland Clinic Institutional Review Board. Blastocysts available for research were generally derived from abnormal fertilizations or else had been discarded due to retarded growth, poor trophectoderm differentiation, and the absence of an inner cell mass.
Human blastocysts were graded for maturity, inner cell mass, and trophectoderm differentiation before vitrifi cation. The scoring system has been previously described. 27 Blastocysts were AC using either mechanical or laser technique prior to vitrifi cation. Morphology was monitored immediately upon warming and after 3 h in culture. Blastocysts were examined on an Olympus inverted microscope at 300× magnifi cation and photographed at each evaluation. Survival was assessed at thaw and embryos with large necrotic areas were graded as non-viable.
(Boehringer Mannheim, Minneapolis, MN). This kit uses TdT-mediated dUTP nick labeling (TUNEL technique) to detect nuclei with DNA degradation or strand breaks. Embryos were fi xed in 4% paraformaldehyde at room temperature for 30 min and rinsed twice with phosphatebuffered saline (PBS). Embryos were permeabilized with 0.1% Triton X-100 for 2 min on ice. Positive controls were incubated with DNAse I (2.5 mg/mL) in 50mM Tris-HCl with 1 mg/mL bovine serum albumin for 10 min. Test and positive control embryos were then incubated with the TUNEL mixture containing terminal dexoynucleotidyl transferase (TdT) enzyme and the TMR red-labeled dUTP for 1 h at 37°C. Negative controls were incubated with only the TMR-labeled nucleotides. After incubation the embryos were washed twice for 5 min in PBS. Embryos were counterstained with DAPI and mounted on slides. Blastocysts were evaluated at 1000× magnifi cation using an oil immersion objective. Total blastomere count and number of TUNEL-positive cells were recorded for each vitrifi ed-warmed blastocyst 3 h after warming. Percent cell death in each embryo was calculated by taking the number of TUNEL positive cells and dividing by total cell number per blastocyst. directly immersed into a warming solution containing 0.25 M sucrose. The blastocysts were microscopically visualized as they fell off the loop. After 2 min, the recovered blastocysts were moved in to the second warming solution, which contained 0.125 M sucrose. The blastocysts were incubated for 3 min with gentle pipetting to facilitate cryoprotectant diffusion out of the embryo. The fi nal rinse was in culture media for 5 min before placement in an incubator at 37°C with 5.5% CO 2 . The warmed embryos were cultured in Global Blastocyst medium with 10% SSS.
Outcome measures
Blastocyst morphology was assessed prior to vitrifi cation, upon warming, and after re-expansion using an Olympus microscope at ×300 magnifi cation. Survival rate was defi ned as the percentage of blastocysts with <50% necrosis on warming. Re-expansion was monitored 3 and 24 h after warming. Embryos were photographed at each time point. Total blastomere number was determined at termination of the experiment using Hoechst staining to label nuclei.
DNA integrity and cell death in blastocysts were assessed using the In Situ Cell Death Detection kit-TMR -Red vitrifi ed-warmed blastocysts (n = 171) is shown in Figure 3 . This plot shows both the mean cell number in blastocysts from each treatment group as well as the range of cell counts in each grouping. The cell count distribution pattern further accentuates the differences between treatment groups. The mean blastomere number in control noncollapsed blastocysts was 103 ± 32. This was signifi cantly lower than the cell number tabulated for blastocysts in either of the AC treatment groups (LAC: 134 ± 35; MAC: 121 ± 37; p < 0.0001). The difference in cell number between the two different collapsing techniques was not statistically signifi cant.
The fi nal experiment in this study, examined the infl uence of blastocyst maturity on vitrifi cation results. Early and late expanding blastocysts were vitrifi ed with or without fl uid reduction. Cell death was monitored in blastocysts 3 h after warming by TUNEL labeling of cells with damaged DNA. Figure 4 depicts control and AC blastocysts stained for DNA damage using the TUNEL reagent. The percent cell death in blastocysts of differing maturities is illustrated in the graph in Figure 5 . Despite little overt indication of damage, TUNEL staining revealed a signifi cantly higher proportion of dead cells (13%) in expanding late blastocysts vitrifi ed without AC (CT Late). Artifi cial collapse signifi cantly reduced the percent of dead cells in this class of blastocysts (<0.001). Cell death in laser and mechanically collapsed late blastocysts was 3 and 5%, respectively. In contrast, early blastocysts did not benefi t from fl uid reduction using a microneedle prior to vitrifi cation. Cell damage was minimal in early blastocysts that were either untreated (CT Early) or collapsed using the mechanical technique (MAC Early). Laser collapse was not attempted on the early-stage blastocysts. We felt this technique was inappropriate for the early non-expanded blastocyst, because it was more diffi cult to exclusively direct and
Statistical analysis
Blastocysts in each treatment group were evaluated for survival, reexpansion, cell proliferation, and cell damage. The χ 2 -test, the Student's unpaired t-test, and analysis of variance with Dunnett multiple comparison to control were used as appropriate to determine statistical signifi cance. P values <0.05 were considered to be signifi cant.
Results
Mouse blastocyst vitrifi cation
A total of 316 mouse blastocysts were vitrifi ed and warmed in this investigation. Artifi cial collapse of blastocysts by mechanical or laser technique prior to vitrifi cation was compared to untreated controls. Outcome parameters of interest were morphology, postwarming re-expansion, cell proliferation, and cell death.
The overall survival rate of mouse blastocysts was very high after vitrifi cation on cryoloops (98-100%). Morphologic evaluation after warming showed blastocysts from all three treatment groups to be generally healthy looking. Cells comprising the blastocysts appeared luminescent with little sign of blastomere degeneration. Control blastocysts were often still expanded when recovered from the cryoloop but proceeded to partially collapse during the warming steps. Volume of blastocoelic fl uid observed in the warmed mechanically collapsed blastocysts was variable. Incomplete collapse at the time of vitrifi cation was more often seen with the mechanical vs. the laser method of collapse. Immediately upon recovery, the laser collapsed blastocysts appeared to have the least fl uid retention in their blastocoels but also started to re-expand the soonest. Viability of the vitrifi ed blastocysts was further affi rmed by culture in vitro for 24 h.
Qualitative assessment of morphology suggests a higher cell density in the laser collapsed blastocysts. Trophectodermal cells were abundant lending a "cobblestone" appearance to the blastocysts. The majority of blastocysts re-expanded after warming. Figure 1F -L depicts the morphology of mechanical and laser collapsed mouse blastocysts upon warming and after in vitro culture. To better characterize differences between treatments, we examined the timeline of re-expansion after vitrifi cation and warming in mouse blastocysts (n = 145). Figure 2 compares the re-expansion of control non-collapsed blastocysts to those with blastocoelic fl uid reduction prior to vitrifi cation. Artifi cial collapse by either mechanical puncture or laser prior to vitrifi cation signifi cantly decreased the time needed for cryo-recovery and post-warm re-expansion. At just 3 h postwarming, 73% of the MAC and 81% of the LAC blastocysts were fully reexpanded. Control embryos vitrifi ed without reduction of blastocoelic fl uid took signifi cantly longer to recover and re-expand (p < 0.001). Only 53% of control blastocysts were fully re-expanded within 3 h of warming. Even after 24 h, the control group was lagging. Only 71% of control embryos were observed to be either fully or partially re-expanded compared to 83% in the MAC and 89% in the LAC treatment group (p < 0.01).
Cell proliferation after warming was another strong indicator of blastocyst viability. Total blastomere number in 
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Human blastocyst vitrifi cation
A total of 59 discarded human blastocysts were also studied. Human blastocysts were assessed immediately limit the laser pulse to the juncture between trophectodermal cells. Also, in early blastocysts the ICM cells destined to become the fetus are not always clearly identifi able and therefore at risk if inadvertently pulsed. rates with blastocoelic fl uid reduction prior to vitrifi cation, AC was introduced into our clinical IVF laboratory. Luminescent cells, minimal signs of cryo damage, and re-expansion within 3 h were characteristic of human blastocysts subjected to collapse by either the mechanical or laser technique. Figure  7A and B gives an example of a normal diploid human blastocyst AC prior to vitrifi cation. Trophectodermal and inner cell mass organization were sustained through the vitrifi cation-warming process, with no overt evidence of cell damage. This blastocyst was hatching by the time of transfer and resulted in a positive pregnancy test.
Discussion
This study provides further evidence for the potential benefi t of blastocoelic fl uid reduction prior to vitrifi cation. Blastocyst maturity at the time of vitrifi cation was a key factor infl uencing outcome parameters. Signifi cant differences in post-warming re-expansion, cell proliferation, and DNA damage were noted between expanded blastocysts subjected to AC prior to vitrifi cation and the un-treated, nonupon warming for overall survival. Blastocysts with large necrotic areas (>50% of embryo) and a darkened appearance were considered non-viable. High survival rates were obtained with both collapsed (MAC 97%, LAC 100%) as well as control blastocysts (95%). Post-warming re-expansion was again observed to be consistently better if blastocysts were collapsed prior to vitrifi cation (Fig. 6 ). Only one blastocyst that was collapsed failed to re-expand within 3 h of warming. As with mouse blastocysts, we noted a trend toward better re-expansion with collapse by laser pulse.
The information obtained from discarded human blastocysts was encouraging. The blastocysts in this dataset were generally of poor quality at outset but still responded well to AC by both mechanical as well as laser pulse and re-expanded quickly after warming. With the Octax laser, we determined that a 10 ms laser pulse applied to human blastocysts was suffi cient to completely collapse the embryo without overt damage. Shorter pulses of 5 ms were explored but did not give as consistent a collapse. (unpublished data) Subsequent to the above testing and based on other published reports citing increased implantation and pregnancy in blastocyst quality present certain limitations and diffi culties. In this work, we used multiple outcome parameters to objectively compare vitrifi cation results with early versus late mouse blastocysts and to better understand the process by which blastocoelic fl uid reduction might help. Our data conclusively demonstrated that early blastocysts, containing only small amounts of blastocoel fl uid volume could be very effectively vitrifi ed. Fluid reduction did not enhance postwarming survival, or cell proliferation in early blastocysts.
Nor was there any effect on overall DNA damage. Compared to early blastocysts, expanding blastocysts were far more vulnerable during vitrifi cation. Despite excellent post-warming survival rates, non-collapsed expanding blastocysts were signifi cantly impaired in three of the four outcome parameters measured specifi cally reexpansion, cell proliferation, and DNA integrity. Artifi cial collapse by either mechanical puncture or laser pulse and the consequent reduction of internal fl uid volume signifi cantly minimized cell damage during vitrifi cation-warming. Our data support the theory that larger blastocoels may interfere with the vitrifi cation process, allowing ice crystal formation and subsequent cellular damage.
One vital point in which our fi ndings differed from other published studies was blastocyst survival. Artifi cial collapse prior to vitrifi cation did not increase the actual survival rate of expanded blastocysts. In our laboratory, <3% of vitrifi ed mouse blastocysts were found to be degenerate upon warming, irrespective of blastocoel volume. Human blastocysts had similar high survival rates. In contrast, Chen et al.. 26 using closed pulled straws for vitrifi cation reported an increase in survival of expanded mouse blastocysts from 60 to 89% with blastocoelic fl uid reduction. With other carriers, artifi cial shrinkage of human blastocysts resulted in survival rates of 47 to 92 %. 10, 16, 19, 24 Mukaida et al. 20 using cryoloops, reported an increase in survival rate from 83 to 97% with AC.
Technological aspects of vitrifi cation, vitrifi cation protocols, and the type of carrier likely play a vital role in overall postwarming survival. We have found the cryoloop to be outstanding as a carrier for vitrifi cation. Fluid volume is miniscule (<1 μl) and direct exposure of the blastocysts to collapsed control blastocysts (p < 0.001). Our fi ndings provide further support for AC of blastocysts using the laser and suggest that the laser pulse results in minimal cell damage.
With the transition to more day 5 transfers, the necessity for development of cryopreservation methodology that optimizes post-warming survival and cell proliferation in blastocysts of varying qualities and maturities is imperative. Vitrifi cation is being introduced into clinical laboratories world-wide for human blastocyst preservation but it is still considered a new technology. Factors mitigating success have yet to be thoroughly investigated. Confounding factors in comparing published blastocyst vitrifi cation studies include blastocyst quality, pre-freeze criteria, differences in clinical replacement protocols and patient related factors. In addition, variations in vitrifi cation protocols, the type of carrier used and pre-vitrifi cation handling of the blastocyst can also impact outcomes.
Artifi cial shrinkage or collapse of blastocysts prior to vitrifi cation is a relatively new approach to improving blastocyst viability after vitrifi cation. The theoretical basis for applying this technique prior to vitrifi cation has been to help prevent ice crystal damage by reducing fl uid within the blastocoel cavity. Vanderzwalmen et al. 10 reported higher birth rates per transfer with morula (28%) and early blastocyst stage embryos (27%) as compared to expanded blastocysts (14%). Based on this initial experience, they have suggested that selective application of artifi cial shrinkage to expanded blastocysts could potentially enhance vitrifi cation outcomes. Several subsequent studies have supported this concept. 16, 19, 20, 24, 26 In the largest series to date, Mukaida et al. 20 achieved an impressive implantation rate of 47% per blastocyst transferred. Their outcomes were based on a total of 270 vitrifi cation-warming cycles with AC by either mechanical puncture with a microneedle (n = 240) or laser pulse (n = 26). The aforementioned studies and the resultant pregnancies and live births support theoretical basis for collapsing and relative safety of the procedure but still leave unanswered questions. The effectiveness of vitrifi cation methodology has not been systematically studied with early vs. expanding blastocysts. The clinical setting and patient to patient variation   FIG. 7 . Light micrograph at ×600 magnifi cation of a human blastocyst that was mechanically collapsed with an ICSI needle prior to vitrifi cation. The blastocyst is shown after warming (A) and 3 h later just before transfer (B). Cells were luminescent with no morphological indication of cryo injury. The blastocyst exhibited a well-organized trophectoderm and a discrete inner cell mass.
study. The long-term effect of AC by either methodology certainly needs further follow-up. The clinical pregnancy and live birth data published to date by several groups has been encouraging, suggesting that blastocoelic fl uid removal does not interfere with implantation and further embryonic development. 10, 16, 19, 20, 24 Selective application of AC to expanded blastocysts where the inner cell mass region can be clearly visualized and avoided, may also prevent any possibility of long-term damage to the fetus.
Artifi cial collapse is now a routine part of our clinical protocol prior to blastocyst vitrifi cation. The current data along with other published clinical studies make a strong argument for AC. Our data has further clarifi ed the potential benefi ts and the cases where the technique might best be applied. In our IVF laboratory, AC is now selectively applied to mature expanding blastocysts. Preliminary clinical outcome data has been promising. All morphological indicators have been positive. Twelve of the fi rst 19 transfers (63%) of vitrifi ed-warmed blastocysts that had been collapsed resulted in a positive pregnancy test. However, the ongoing pregnancy rate was still only 38%. A factor likely infl uencing these preliminary results is that the majority of embryos grown out to blastocyst in our IVF program are those not selected for transfer or freezing on day 3 due to quality. These pregnancy data therefore are refl ective of our third tier embryos. All of these initial cases were done with mechanical puncture.
Randomized prospective clinical trials are still clearly needed to determine the true benefi t of the AC technique in human blastocysts. Focus in future clinical studies should include the quality of the blastocyst prior to vitrifi cation. Specifi c cryopreservation methods may ultimately be necessary to optimize the survival of early, late, and hatching blastocysts.
In conclusion, this study showed that AC with either mechanical or laser pulse prior to vitrifi cation can reduce DNA damage in expanded blastocysts and expedite postwarm re-expansion. These data further validate the effi cacy of AC and the rationale for introducing this technique into a clinical laboratory.
liquid nitrogen during the vitrifi cation step may factor in to our high overall survival rates. The ultrarapid rate of cooling, characteristic of this carrier facilitates the transition to a glass-like state and likely reduces the potential for cell damage.
The cryoprotectant agents used for vitrifi cation may also impact the outcome and further development of the transferred embryo. Ethylene glycol alone at a high concentration (40%) has been successfully used for human embryo vitrifi cation 6, 10, 14, 19 but there have been concerns about potential cytotoxicity. Vitrifi cation protocols that combine EG with DMSO, permit reduction of the concentrations of the individual cryoprotectant agents and have been shown to be quite effective for vitrifi cation of human blastocyst [3] [4] [5] and cleavage-stage embryos. 17 The simplicity of the laser technique may make it more advantageous and effi cient in an IVF clinical setting. To date only one investigation has compared AC using a laser pulse to the mechanical method. 20 The human blastocysts collapsed by laser were equally viable and the resultant 61% pregnancy rate showed this method to be equivalent to mechanical collapse. The miscarriage rate was 19% with laser collapse and 22% with the mechanical collapse technique.
Our investigation looked at both techniques in more depth using morphological parameters as well as biochemical measures. The TUNEL assay is a very useful methodology for detecting DNA fragmentation. This method has been used by various investigators to assess cell death in frozen embryos subjected to varying culture conditions and growth factor additives. 18, [28] [29] [30] Use of DNA damage as an early marker for cell death was a very valuable tool in elucidating differences between treatment groups even as early as 3 h after warming. Minimal damage was seen with either method of collapse (3-5%) in contrast to the non-collapsed control blastocysts (13%). The higher proportion of damaged blastomeres in the control non-collapsed blastocysts may account for their slower rate of recovery/re-expansion and lower overall cell number following in vitro culture.
None of the measured outcome parameters showed signifi cant differences between the two techniques for AC. We did however observe that with mechanical puncture there was a good deal of variation in terms of how easily and completely the blastocyst collapsed and this was not predictable. Sometimes the trophectoderm was hard to pierce and elastic in nature, requiring a deeper invagination and even a second puncture to fully collapse the embryo. With the laser, the problem of incomplete collapse could be avoided. There also may be some merit to partial opening of the zona with the laser pulse to facilitate cryoprotectant addition and removal, thus lessening potential cryo injury. Blastocysts with large blastocoels survived the vitrifi cation process better if partially or completely hatched. 15 Zech et al. 15 reported a strong relationship between artifi cial zona opening and subsequent hatching, pregnancy, and implantation rates.
Although the present study provides further support for use of the laser vs. mechanical technique to collapse blastocysts before vitrifi cation, clearly there is a need for caution. Both techniques may induce damage to trophectodermal cells that may not be detectable within the time frame of this
